Further Studies of the Antigenic Properties of H3N2 Strains of Influenza A Isolated from Swine in South East Asia
February I979) SUMMARY H3N2 strains of influenza A isolated from swine in Hong Kong were compared with human strains of H3N2 influenza A variants in reciprocal HI tests using ferret sera. One isolate from swine was indistinguishable from A/Hong Kong/68, one set of viruses isolated in 1976 and 1977 was most related to A/Hong Kong/68 but was not identical to it, two isolates from I976 were 'bridging strains' that cross-reacted equally with the contemporary variants A/Victoria/3/75 and A/Texas/I/77, similarly to a small number of recent human isolates, and two isolates from 1977 were similar to A/Victoria/3/73. These general relationships were supported by neuraminidase inhibition tests. The findings confirm and extend previous results indicating that swine may be a reservoir of old and novel variants of influenza A H3N2 strains related to those that infect man.
Following the appearance of H3N2 strains of influenza in man in 1968 numerous reports have been made of natural infections of swine with such strains. In most instances the strain specificity of the H3N2 viruses infecting swine has been similar to that of contemporary human strains (e.g. Kundin, 197o; Hinshaw et al. 1978) , but it was found that some viruses isolated in 1976 from pigs imported into Hong Kong most closely resembled, but were not identical to, I968 strains of H3N2 influenza (Shortridge et al. I976 ) rather than the A/ Victoria/3/75-1ike variant which was then causing epidemics in man. Other isolates from these pigs were more closely related but not identical to A/Victoria/3/75. We report here the results of further investigations into the degree of antigenic relationship of H3N2 strains isolated from swine in Hong Kong with a more complete selection of H3N2 variants isolated from man than were previously studied.
Isolation and preliminary identification of viruses obtained from tracheal swabs of pigs in Hong Kong during i976 have been previously described (Shortridge et al. I976) , and similar procedures were used for the additional viruses isolated in I977. Live influenza A (H3N2) viruses were not worked with at any time in the University of Hong Kong laboratory prior to the first isolations of H3N2 virus from swine (Shortridge & Webster, I979) . Isolates described in this study were derived from pigs originating in Hong Kong (HK) and the People's Republic of China (PRC).
Samples of allantoic fluid harvests of each virus were evaluated at the U.S. Department of Agriculture, Plum Island Animal Disease Center, to verify the lack of non-influenzal infectious agents of swine or avian origin, or of avian influenza viruses. Duplicate samples, thus believed to be free of harmful enzootic agents, were transported to the Center for Disease Control, where all procedures for their growth were carried out in a decontaminated clean room from which all other viruses had been removed and other necessary precautions taken to reduce any possibilities for cross contamination.
After passage in eggs, all antigens were tested by haemagglutination inhibition (HI) reactions using highly strain-specific sera from ferrets infected with reference strains of human influenza A viruses (or antigenic hybrids) possessing haemagglutinins of all known antigenic variants within the H 3 subgroup from I968 to 1978 (Kendal et aL 1979 shown are limited to those with strains of greatest epidemiological significance and/or relatedness to the isolates from swine. These preliminary tests (not shown) showed that two subsets of viruses could be distinguished among the swine isolates from 1976. The first, represented by A/swine/Hong Kong/3/76 and A/swine/Hong Kong/6/76, was inhibited most strongly by antisera to the early H3N2 variants A/Hong Kong/8/68 and A/England/ 42/72, whereas the second set of viruses, such as A/swine/Hong Kong/4/76, was most reactive with more recent H3Nz viruses A/Victoria/3/75 and A/Texas/I/77. A/Texas/ 1/77 is antigenically very similar to A/England/864/75, these viruses being interchangeable as reference strains representative of an antigenic variant which appeared at about the same time as A/Victoria/3/75, but which was isolated relatively infrequently from man until I977. The preliminary findings, therefore, suggested that swine in I976 were infected with influenza H3Na strains similar to those first detected in man in I968 and I975. To verify these relationships, each of the three above-mentioned swine influenza A (H3N2) isolates from Hong Kong was cloned by two successive egg passages at terminal dilution and then both the uncloned and cloned virus stocks were used to infect ferrets that had been demonstrated before infection to lack detectable antibodies reactive in HI tests with recent epidemic IP: 54.70.40.11
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Our results showing that A/swine/Hong Kong/3 and 6/76 most closely resemble the earliest human H3Nz isolates, but have slight differences in either their HA and/or NA antigens from prototype strains widely used for research purposes, are similar to initial findings with these strains (Shortridge et al. I976) . We have now presented evidence that viruses of this kind were still present in some swine populations in I977, confirming the ability of this old H3NE strain to persist in nature. Furthermore, the identification of A/ swine/Hong Kong/4 and 5/76 (both isolated from one batch of pigs received from the
